Introduction
============

Ovarian tumor is a common tumor in the female reproductive organ, and the incidence rate of malignant ovarian tumor ranks 3rd in gynecological tumors ([@b1-ol-0-0-10215]). The mortality rate for ovarian cancer is the highest in a variety of gynecological tumors, seriously threatening women\'s health and lives. The ovary is located deeply in the pelvic cavity, and there are often no typical clinical manifestations when the tumor occurs, so most patients are in the late stage at the time of diagnosis. The 5-year survival rate of patients with advanced ovarian cancer is as low as 30--40%, and the survival rate of early-stage patients is \~90% ([@b2-ol-0-0-10215],[@b3-ol-0-0-10215]). Therefore, the early diagnosis of ovarian cancer is the key to improving the survival rate of patients, which can provide a basis for treatment and prognosis.

Ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) are commonly-used imaging examination methods in clinic. Among them, MRI is difficult to be the preferred examination method and screening means for lesions, due to the high costs of equipment and examination. Ultrasound examination is currently the most commonly-used and convenient method in clinical screening of ovarian tumor, which can detect the morphology, size, capsule and wall thickness of ovarian tumors, the characteristics of echo in nodules and whether there are ascites, and can also preliminarily diagnose benign and malignant ovarian tumors according to the Finkler scoring system criteria ([@b4-ol-0-0-10215]). Color Doppler ultrasound flow imaging can also detect the blood flow resistance index (RI) and the velocity, based on the observation of the distribution characteristics and morphological features of tumor vessels, thus improving the diagnostic accuracy rate ([@b5-ol-0-0-10215]). RI can directly reflect the resistance against blood flow, and it is higher in benign ovarian tumors than in malignant ovarian tumors. Therefore, benign and malignant tumors can be differentially diagnosed by RI, but there is an overlap in the RI value between benign and malignant tumors ([@b6-ol-0-0-10215]). Moreover, the 64-slice spiral CT scan can position and qualitatively determine the tumor and indicate the lesion scope, because it can clearly display the position of the tumor and clarify the adjacent relationship between the tumor and pelvic organs ([@b7-ol-0-0-10215]--[@b9-ol-0-0-10215]).

In recent years, the diagnostic value of ultrasound combined with tumor markers in serum for ovarian tumors has been reported, but the detection of RI has not received much attention ([@b10-ol-0-0-10215]). Reports on the combination of several examination methods are rare, and no reports on CT diagnosis of ovarian tumors exist; specifically the application of 64-slice spiral CT in ovarian tumor has been less reported worldwide ([@b11-ol-0-0-10215]). Therefore, in this study, Finkler ultrasound score, color Doppler ultrasound RI and 64-slice spiral CT signs were compared with pathological diagnosis results, the sensitivity, specificity and accuracy were analyzed, and the diagnostic value of the combined application of the three methods for ovarian tumor was evaluated.

Patients and methods
====================

### Sample collection

A retrospective analysis was performed on 224 patients pathologically diagnosed with ovarian tumor after operation in Cangzhou Central Hospital (Cangzhou, China) from January 2010 to January 2014. There were 120 patients with benign tumor, aged 42±14.68 years, and 104 patients with malignant tumor aged 53±12.73 years. Inclusion criteria: patients were confirmed with ovarian tumor by postoperative pathology with complete clinical data and imaging. Exclusion criteria: patients with endometriosis, pelvic inflammation, adenomyosis, liver disease, ovarian hyperstimulation syndrome, uterine fibroids or diabetes mellitus were excluded. The study was approved by the Ethics Committee of Cangzhou Central Hospital (Cangzhou, China). Patients who participated in this research had complete clinical data. Signed informed consents were obtained from the patients or the guardians.

### Instruments

Color Doppler ultrasonic apparatus was purchased from Siemens AG (Munich, Germany), and Philips Brilliance spiral CT 64-slice apparatus was purchased from Philips Medical Systems, Inc. (Bothell, WA, USA).

Methods
-------

### Color Doppler ultrasound examination

After filling of bladder, the probe scanned in multiple directions above the lower abdominal pubic symphysis of ovarian tumor patients under a supine position on the bed to observe the internal echo in tumor in the uterus and bilateral adnexa areas and whether it was accompanied by ascites, site of lesion, tumor morphology and boundary, whether there was isolation in the tumor and isolation thickness. Each tumor was scored based on the Finkler ultrasound scoring criteria ([@b12-ol-0-0-10215]), in which the score \<7 points indicates a benign lesion and the score ≥7 points indicates a malignant lesion. The ultrasound scoring system is shown in [Table I](#tI-ol-0-0-10215){ref-type="table"}.

### RI record

Color Doppler ultrasound examination was performed to observe the blood flow distribution around and in the tumor and the morphological characteristics of vessels, and to measure the blood flow RI around and in the tumor. RI≤0.45 was taken as a diagnostic criterion for a malignant tumor, and RI\>0.45 indicated a benign tumor. The blood flow signal characteristics around and in the tumor can be divided into 3 types: type 1, there is no blood flow signal around or in the tumor; type 2, there are punctiform and short line-like blood flow signals around the tumor or septum; and type 3, there are punctiform, strip, line or branched blood flow signals around the tumor and in the parenchymal area ([@b13-ol-0-0-10215]).

### 64-slice spiral CT examination

After fasting for \>12 h and filling of bladder until the need for micturition, scanning was performed for patients under the supine position from the inferior margin of pubis to the upper edge of mass. The whole abdominal scanning was performed for patients with large mass or abdominal metastasis. All patients received enhanced scanning, while some underwent delayed scanning, and the tumor was preliminarily positioned and qualitatively determined ([@b14-ol-0-0-10215],[@b15-ol-0-0-10215]). In the image analysis, benign and malignant ovarian tumors were identified, combined with AFP examination, by two imaging physicians with \>10 years experience. Diagnostic criteria: positioning and qualitative judgment of ovarian tumors. CT diagnosis of ovarian cancer requires at least two doctors with the corresponding titles of radiology to evaluate the CT image, including the location, shape, size, cystic solidity, blood supply, degree of enhancement and peritoneal implantation ([@b16-ol-0-0-10215]).

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 16.0 software (Shanghai Cabit Information Technology Co., Ltd., Shanghai, China) was used for the statistical analysis of the results. Chi-square test was used for categorical data. The receiver operating characteristics (ROC) curve analysis was used for the diagnostic value of ultrasound score, color Doppler ultrasound RI, spiral CT, and the combined application of the three methods in ovarian tumors. ANOVA was used for the comparison between multiple groups and LSD test was the post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### General data

The clinicopathological data of 224 patients with ovarian cancer are shown in [Table II](#tII-ol-0-0-10215){ref-type="table"}.

### Ultrasound manifestations of ovarian tumor in both groups

The cystic echo mostly appeared in benign ovarian tumors, while the cystic-solid echo mostly appeared in malignant ovarian tumors, displaying a statistically significant difference (P\<0.05). The vascular resistance of benign ovarian tumors was larger than that of malignant tumors. It was easier to measure blood flow signals in malignant ovarian tumors. The difference between the two groups was statistically significant (P\<0.001) ([Table III](#tIII-ol-0-0-10215){ref-type="table"}). Compared with cystic echo and blood flow signals, the cystic echo, used to judge the benign and malignant ovarian cancer tumors, had the highest specificity and accuracy. Compared with cystic echo and cystic mixed echo, blood flow signal had the highest sensitivity in the assessment of the benign and malignant ovarian tumors ([Table IV](#tIV-ol-0-0-10215){ref-type="table"}).

### Diagnostic evaluation of different examination methods for ovarian tumors

The diagnostic results of the four methods in ovarian tumors were compared. With the pathological results as the gold standard, it was found that the sensitivity, specificity and accuracy of the combined application of ultrasound scoring, RI and 64-slice spiral CT in the diagnosis of benign ovarian tumor were higher than those of the single application. The diagnosis coincidence rate of RI for ovarian malignant tumors was higher than that of benign tumors (P\<0.05). There was no significant difference in the diagnosis coincidence rate of the other three methods for benign and malignant ovarian tumors (P\>0.05) ([Tables V](#tV-ol-0-0-10215){ref-type="table"}--[VII](#tVII-ol-0-0-10215){ref-type="table"}). The area under the ROC curve of the RI was smaller than that of the ultrasound score, which was smaller than that of the 64-slice spiral CT, and the area under the ROC curve of the 64-slice spiral CT was smaller than that of the combination of the three methods ([Fig. 1](#f1-ol-0-0-10215){ref-type="fig"}).

Discussion
==========

Patients with ovarian cancer mostly have no or mild symptoms in the early stage, and metastasis has often occurred with poor prognosis when treated. If patients can be diagnosed in the early stage, the therapeutic effect on ovarian tumor will be improved. Modern medical imaging techniques have provided examination means for the diagnosis of ovarian tumor, which are characterized by non-invasiveness and no pain and play important roles in the diagnosis of gynecological tumors ([@b17-ol-0-0-10215]). Although a variety of imaging methods have been widely used in the examination and diagnosis of ovarian tumor, the imaging application in ovarian tumor is diversified and variable due to the diverse sources of ovarian tumor cells and various tissue types. None of the imaging methods is able to diagnose accurately and qualitatively the ovarian mass in patients. In particular, the surrounding organs are squeezed and displaced when the ovarian tumor is \>50 mm, so it is difficult to determine the source of the tumor and easy to confuse it with tumors from other sources ([@b18-ol-0-0-10215]).

In recent years, the measurement of RI has not attracted attention, and the combined application of ultrasound scoring, color Doppler ultrasound RI and spiral CT in ovarian tumors is less reported. CT diagnosis of ovarian tumors has been extensively reported worldwide, but not the application of 64-slice spiral CT ([@b11-ol-0-0-10215]). Therefore, in this study, the ultrasound score, RI and CT signs were compared with pathological diagnosis results, the differences in sensitivity and specificity were analyzed, and the value of each method in the differential diagnosis of ovarian tumor was evaluated, so as to provide insights for the selection and development of a clinical therapeutic regimen.

At present, ultrasound examination is the most common and convenient method in the clinical diagnosis of ovarian tumors. Observing the morphology and echo of an ovarian tumor and whether ascites are presented in ultrasound images can preliminarily determine the benign and malignant tumors according to the ultrasound scoring criteria. In this study, the ultrasound manifestation was mainly cystic echo in the benign tumor and cystic-solid echo in the malignant tumor. In some malignant tumors, the early morphology is regular and there is a lack of typical changes in the ultrasonogram, so it is difficult to accurately determine the benign and malignant ovarian tumors in the ultrasonogram of complex or early-stage malignant tumors only by using ultrasound examination. The sensitivity, specificity and accuracy of Finkler ultrasound scoring in the analysis of ovarian tumor were 89.47, 83.64 and 86.61%, respectively. Alanbay *et al* ([@b19-ol-0-0-10215]) obtained research results that are basically consistent with ours. Fleischer and Brader ([@b20-ol-0-0-10215]) have shown that the pathological parameters of patients can be obtained through observing the characteristics of vascular distribution in tumor tissues via ultrasound examination. In the present study, blood flow signals could be detected around the benign tumor in 82 cases, in which the blood vessels were sparse with the type 1 characteristics of blood flow. Besides, blood flow signals could be detected in malignant ovarian tumors in 91 cases, in which there were abundant blood vessels and complex branches mainly distributed in and around the tumor with the type 3 characteristics of blood flow. The sensitivity, specificity and accuracy were 86.32, 70.54 and 77.23%, respectively. The RI value of malignant ovarian tumor was lower than that of benign ovarian tumor, and the difference was statistically significant (P\<0.001). According to the study of Kurjak *et al* ([@b21-ol-0-0-10215]), RI≤0.4 is the diagnostic criterion for malignant ovarian tumor. Waltmire *et al* ([@b22-ol-0-0-10215]) considered that RI\<0.5 can be taken as the criterion for positive prediction. The above conclusion is different from the results in this study, indicating that RI has no unified criteria for benign and malignant tumors, and the possible reason is that there are a variety of ovarian tumors with complex tissue components. Therefore, there is a partial overlap of RI value in benign and malignant ovarian tumors, and blood flow signals cannot be detected. In this study, 120 patients were pathologically diagnosed with benign ovarian tumor and 104 patients were diagnosed with malignant ovarian tumor. The sensitivity, specificity and accuracy of 64-slice spiral CT in the detection of ovarian tumor were 89.08, 86.67 and 87.95%, respectively, which are consistent with the results of Taïeb *et al* ([@b23-ol-0-0-10215]) on the multi-slice CT in the diagnosis of ovarian tumor ([@b24-ol-0-0-10215],[@b25-ol-0-0-10215]). The sensitivity, specificity and accuracy of the combined application were 96.49, 90.91 and 93.75%, respectively. The sensitivity, specificity and accuracy of the combined application of ultrasound scoring, RI and 64-slice spiral CT in the diagnosis of benign ovarian tumor were higher than those of the single application.

However, there were also some limitations in this study. Comparisons were not performed between 64-slice spiral CT and conventional CT, and between multi-planar reconstruction and curved planar reconstruction. Therefore, these issues will be further explored in a future study.

In conclusion, the cystic echo mostly appeared in benign ovarian tumor, while the cystic-solid echo mostly appeared in malignant ovarian tumor. The RI of benign ovarian tumor was higher than that of malignant ovarian tumor (P\<0.001), so blood flow signals could be detected more easily in malignant ovarian tumor. The sensitivity and specificity in the diagnosis of ovarian tumor can be increased in the combined application of Finkler ultrasound scoring, RI value and 64-slice spiral CT scan, which can provide an effective basis for the early therapeutic regimen of ovarian tumor, thus improving the survival rate of patients.
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###### 

Ultrasound scoring system.

  Scoring criteria                                                                                                                                                                               Score
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------
  No echo in cysts with clear border, fibroma, and nodular cysts, such as hydrosalpinx                                                                                                           1
  No echo in cysts with slightly irregular border, smooth cyst capsule with low echo                                                                                                             2
  Low echo in cysts with slightly irregular border and no nodules (endometrioid tumor), and postmenopausal non-echo cysts                                                                        3
  Iso-echoic and non-specific ultrasound manifestations: solid ovarian enlargement, small cysts with irregular border accompanied with internal echo reflex (hematoma or benign ovarian tumor)   4--6
  Consistent manifestations with ovarian tumor: multiple isolated or irregular cystic masses (7 points for a small number of nodules, and 8--9 for a large number of nodules)                    7--9
  Above characteristics accompanied with ascites                                                                                                                                                 10

###### 

Clinicopathological data of patients (%).

  Factor                           n      Ratio
  -------------------------------- ------ -------
  Age (years)                             
    ≥53                            118    52.68
    \<53                           106    47.32
  Clinical stage                          
    T1+T2                            68   65.38
    T3+T4                            36   34.62
  Depth of infiltration                   
    Muscular layer                   57   54.81
    Serosa                           47   45.19
  Degree of differentiation               
    High differentiation             79   35.27
    Moderate-low differentiation   145    64.73
  Lymph node metastasis                   
    Yes                            40     38.46
    No                             64     61.54

###### 

Ultrasound imaging of benign and malignant ovarian tumors \[n (%)\].

  Item                         Benign (n=120)   Malignant (n=104)   χ^2^     P-value
  ---------------------------- ---------------- ------------------- -------- ---------
  Ultrasound characteristics                                        29.680   \<0.001
    Cystic echo                67 (55.83)       21 (20.19)          29.670   \<0.001
    Cystic-solid echo          35 (29.17)       54 (51.92)          12.050   \<0.001
    Solid echo                 18 (15.00)       29 (27.88)          5.579    0.018
  Blood flow signal            82 (68.33)       91 (87.50)          11.64    \<0.001

###### 

Diagnostic value of different imaging features in benign and malignant ovarian tumors.

  Feature             Sensitivity (%)   Specificity (%)   Accuracy (%)
  ------------------- ----------------- ----------------- --------------
  Cystic echo         55.83             79.81             66.96
  Cystic-solid echo   29.17             48.08             37.95
  Blood flow signal   68.33             12.50             42.41

###### 

Diagnostic results of each examination method for ovarian tumors.

  Pathological result    Benign (n=120)   Malignant (n=104)   Total
  ---------------------- ---------------- ------------------- -------
  Ultrasound score                                            
    Benign               102              12                  114
    Malignant            18               92                  110
  RI                                                          
    Benign               82               13                  95
    Malignant            38               91                  129
  64-slice spiral CT                                          
    Benign               106              13                  119
    Malignant            14               91                  105
  Combined application                                        
    Benign               110              4                   114
    Malignant            10               100                 110

RI, resistance index; CT, computed tomography.

###### 

Comparisons of sensitivity, specificity and accuracy of each examination method for ovarian tumor (%).

  Examination            Sensitivity                                                                                                                                   Specificity                                           Accuracy
  ---------------------- --------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------
  Ultrasound scoring     89.47^[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^                                                                                           83.64                                                 86.61^[c](#tfn2-ol-0-0-10215){ref-type="table-fn"}[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^
  RI                     86.32^[a](#tfn2-ol-0-0-10215){ref-type="table-fn"}[b](#tfn3-ol-0-0-10215){ref-type="table-fn"}[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^   70.54^[a](#tfn2-ol-0-0-10215){ref-type="table-fn"}^   77.23^[a](#tfn2-ol-0-0-10215){ref-type="table-fn"}[b](#tfn3-ol-0-0-10215){ref-type="table-fn"}[d](#tfn5-ol-0-0-10215){ref-type="table-fn"}^
  64-slice spiral CT     89.08^[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^                                                                                           86.67^[a](#tfn2-ol-0-0-10215){ref-type="table-fn"}^   87.95^[a](#tfn2-ol-0-0-10215){ref-type="table-fn"}[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^
  Combined application   96.49^[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^                                                                                           90.91^[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}^   93.75^[b](#tfn3-ol-0-0-10215){ref-type="table-fn"}[c](#tfn4-ol-0-0-10215){ref-type="table-fn"}[d](#tfn5-ol-0-0-10215){ref-type="table-fn"}^

P\<0.05, compared with combined application

P\<0.05, compared with 64-slice spiral CT

P\<0.05, compared with RI

P\<0.05, compared with ultrasound scoring. RI, resistance index; CT, computed tomography.

###### 

Comparison of the diagnosis coincidence rates of benign and malignant ovarian tumors for each examination method.

  Method                 Benign tumor (n=120)   Malignant tumor (n=104)   χ^2^     P-value
  ---------------------- ---------------------- ------------------------- -------- ---------
  Ultrasound score       102 (85.00)            92 (88.46)                0.576    0.448
  RI                     82 (68.33)             91 (87.5)                 11.640   0.001
  64-slice spiral CT     106 (88.33)            91 (87.5)                 0.036    0.849
  Combined application   110 (91.67)            100 (96.15)               1.915    0.167

RI, resistance index; CT, computed tomography.
